Abstract: The 3G standard, based on Wideband code division multiple access (WCDMA) is now being extended into high-speed downlink access (HSDPA) and high-speed uplink packet access (HSUPA) and further evolved to high-speed packet access (HSPA). The ongoing study of next generation communication proposed by 3GPP is called long term evolution (LTE). The aim of LTE is to provide a peak downlink rate of 100Mbits/s and a 50Mbps/s uplink rate [1]. Using OFDMA that features scalable bandwidth, high spectral efficiency and a very flexible multi-user bandwidth, LTE can not only provide customers with higher data rates in both uplink and downlink, but also enriches the services for the terminals. However, this will inevitably increase the power consumption for both the eNodeB and the terminals. With limited battery capacity, the power saving and allocation is a very important problem to solve. [1] However, the power saving problem is usually combined with wireless resource management issues. A dynamic subcarrier and power allocation combined with power saving method is proposed in this paper for LTE OFDMA networks.
INTRODUCTION
LTE is the next generation cellular communication system, which will finally evolved to 4G communication systems. In LTE, traditional circut0switched (CS) and packet-switched (PS) network will emerge into an all-IP network which can support different kinds of QoS. The aim of 3GPP LTE is to develop a framework of high data rate, low-latency, and packet optimized radio access technology. LTE can support varied bandwidth from 1.25MHz to 20MHz to meet the flexible mobile services supporting different kinds of mobile devices. LTE is proposed to provide a maximum data rate of 50 Mbits/s with a bandwidth of 20MHz. Also, it can support user mobility of 350km/h with a latency of 10 milliseconds and coverage of 30km. Furthermore, LTE system can accommodate 200 users per cell.
Orthogonal frequency division multiplexing (OFDM) [2] [3]technique is a promising technique to provide high bit rate date transmission. The main idea is to split high bit rate data stream into blocks and allocate different blocks into s set of overlapping orthogonal subcarriers thus the spectrum efficiency is improved. The bandwidth of each subcarrier is narrower than the propagation channel, so OFDM technique can eliminate frequency-selective fading.
OFDM access (OFDMA) is based on OFDM technique thus it is immune to frequency-selective fading and intra-cell interference. With such merits, OFDMA is proposed as promising technique for the next generation broadband communication and mobile services. Thus the inter-cell interference (ICI) is the main interference of the OFDMA based LTE system.
As LTE can provide more flexible service by flexible bandwidth, flexible modulation method such as 16-QAM, 64-QAM, the Radio resource management issue can be more flexible and important for LTE. Also, with the use of OFDMA, LTE can provide customers with higher data rates in both uplink and downlink. Furthermore, it can provide customers with more kinds of services for different kinds of terminals. However, this will inevitably increase the power consumption for both the eNodeB and the terminals. With limited battery capacity, the power saving issue [5] is a very important problem to solve. Thus the radio resource management issue such as subcarrier and power allocation and power saving issue can be combined together.
The remaining of the paper is organized as follow. Part II will introduce the related works of subcarrier and power allocation issue. Our proposal of radio resource management and energy saving issue will be introduced in part III and the paper will conclude in part IV.
II. RELATED WORKS ABOUT RADIO RESOURCE MANAGEMENT OF LTE
In classical cellular networks, the radio resource management is adopted to avoid ICI from neighboring cells. For classical radio management method, as the frequency reuse factor (FRF) can limit the availability of the frequency spectrum and the capacity of the system, the FRF is usually choose to equal to 1 or around one, thus such schemes suffer from server ICI because its tight frequency reuse. For radio resource management for LTE, the FRF and resource allocation should be more flexible to meet different needs as the service provided by LTE will be more flexible.
In Ericsson's scheme [8] only a part of frequency spectrum is available at the cell edge which is orthogonal in adjacent cell edges while the whole spectrum is available at the cell center where transmission is power limited to reduce interference with cell edge users. As shown in Figure. In Haipeng LEI's scheme [8] , subcarriers are divided into two groups, the super group and the regular group. The super group will be used for the cell centre and the subcarriers of regular group will be divided into three sets. Each of the sets will be allocated to a certain sector of the cell. Also, the number of subcarriers of a certain sector can be adjusted. The scheme is shown in Figure. In Fan's proposal [8] , a dynamic frequency allocation scheme is proposed. A subset of sub-bands is available in cell edge while whole spectrum is available in the cell centre with the reduced power of sub-bands available in cell-edge. If there is heave load in cell-edge area of a specific cell then it can borrow the frequency bands deployed in cell-edge of neighboring cells. The dynamic frequency allocation scheme is shown in Figure. 3. f1 f2 f3 f4 Figure. 3 Dynamic frequency allocation scheme
The above three papers proposed different kinds of subcarrier and frequency allocation schemes, however, all of them are based on capacity and interference only, none of them think about energy saving issue [6] [7] . In this paper, we will propose a scheme combine the radio resource management issue and the energy saving issue.
III. ENERGY SAVING COMBINED RADIO RESOURCE ALLOCATION
In our proposal, the radio resource allocation issue will be combined with energy saving issue [9] . The scheme can be divided into the following four steps.
1) Subcarrier allocation to different segments.
We divided one cell into six similar parts, each of them we call it a segment, labeled as 1-6 in figure.4. Equal quantity of subcarriers will be allocated to segment 1-6, known as S1-S6. There are N subcarriers of one cell serving K users. The power of subcarrier n allocated to user k is defined as p k,n . Thus S1-S6 each contain N/6 subcarriers.
Figure.4. Subcarrier allocation to six segments
Here we consider the single-cell scenario. Also, the cell is divided into six segments for the easy of considering smart antenna issue as it can be divided into six different directions. By dividing one cell into six segments, smart antenna system can be easily applied into our system.
2) Central part adjustment of different sgements
In our proposal, each segment can be divided into two parts, the central part and the edge part. The area of central part can be dynamically adjusted by the user distribution condition of different segment. A certain parameter β is defined to describe the distribution. The number of users of central part is defined as N c and the number of users of the cell edge area is defined as N e , Thus β can be defined as: The first two steps deal with the subcarrier allocation and central part definition issues. In the third step, dynamic power adjustment issue will be done to achieve certain communication demand while using the minimum amount of power. The received SNR of subcarrier n is shown in formula (2) γ , p , h ,
To achieve a certain service demand, the transmission channel should meet a certain degree of SNR. Define the SNR as SNR d , thus the topic changes to use the minimum power to achieve a certain SNR d . We can get formula (3) from formula (2) 
The target formula is shown in formula (4) 
C k,n =1 while subcarrier k is allocated to user k, C k,n =0 otherwise. By step 3, dynamic power adjustment of different segments is finished.
4) Dynamic subcarrier allocation issue
After the power adjustment issue, power among each segment is optimized according to the SNR demand of different kinds of applications. However, some certain segment may be congested , thus the allocated amount of subcarriers may be not enough. That is, S1-S6 may be not sufficiently used or over used. In this condition, dynamic subcarrier allocation issue will be done among different segments. For more congested areas, subcarriers will be not be enough while for less congested areas, subcarriers will be over allocated. Thus more congested areas will use the subcarriers of less congested areas. Furthermore, smart antenna will be introduced to our LTE system to avoid congestion of certain areas.
IV. CONCLUSION
In this paper, A proposal of radio resource management is introduced. The radio resource management issue is combined with the energy saving issue. In the first step, the subcarrier will be divided into equal 6 sets. After that, the central area of a certain cell will be adjusted according to the ratio of central users and edge users. After that, the power will be dynamically adjusted of different segments of a cell according to the SNR demand of different application within different segments. Furthermore, when some segments are more congested, that is, subcarriers is short in a certain segment, subcarriers of less congested segments will be allocated to congested areas. Also, smart antenna can be used to deal with congestion. In the future, such scheme can be extended to multi-cell cellular LTE systems, the congestion condition can be interaction among different cells, thus, dynamic allocation can be realized among different segments and different cells.
